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Connec*on	
  Info	
  
Topic:	
  NUG	
  Web	
  Conference	
  
Date	
  and	
  Time:	
  
Thursday,	
  June	
  6,	
  2013	
  11:00	
  am,	
  Pacific	
  Daylight	
  Time	
  (San	
  Francisco,	
  GMT-­‐07:00)	
  
Event	
  number:	
  662	
  377	
  626	
  
Event	
  password:	
  edison	
  
	
  
hRps://nersc-­‐training.webex.com/	
  and	
  chose	
  from	
  the	
  list	
  of	
  events.	
  
	
  
-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
Teleconference	
  informa*on	
  
-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
1-­‐866-­‐740-­‐1260	
  
PIN:	
  4866820	
  



Agenda


•  Edison	
  Phase	
  II	
  
•  NERSC	
  8	
  Project	
  Update	
  
•  New	
  on	
  the	
  Web	
  (My	
  NERSC	
  and	
  status)	
  
•  NGF	
  Usage	
  in	
  NIM	
  
•  Hyperthreading	
  on	
  Edison	
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Edison Phase II


•  The	
  full	
  Edison	
  Phase	
  II	
  system	
  arrives	
  June	
  24	
  
•  24	
  addiQonal	
  racks	
  +	
  4	
  exisQng	
  =	
  28	
  total	
  
•  3	
  scratch	
  file	
  systems	
  
–  Two	
  1.6	
  PB	
  @	
  35	
  GB/s,	
  one	
  3.2	
  PB	
  @	
  70	
  GB/s	
  

•  InstallaQon	
  and	
  upgrade	
  of	
  exisQng	
  4	
  racks	
  will	
  take	
  
~	
  1	
  month	
  

•  Phase	
  I	
  system	
  will	
  be	
  decommissioned	
  on	
  June	
  24	
  
–  Scratch	
  data	
  is	
  expected	
  to	
  be	
  preserved,	
  but	
  back	
  up	
  
important	
  files	
  to	
  HPSS	
  (just	
  in	
  case)	
  

–  Precise	
  details	
  will	
  be	
  announced	
  soon	
  on	
  Edison	
  web	
  
page	
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NERSC 8 Project Update


•  Preparing	
  to	
  release	
  the	
  NERSC-­‐8	
  RFP	
  within	
  the	
  month.	
  
–  	
  We've	
  passed	
  DOE	
  reviews	
  
–  	
  Formal	
  RFP	
  is	
  being	
  reviewed	
  now	
  by	
  procurement	
  officials.	
  

•  RFP	
  evaluaQon	
  later	
  this	
  summer	
  	
  
–  Vendors	
  will	
  have	
  about	
  a	
  month	
  to	
  reply	
  to	
  the	
  RFP.	
  

•  We'll	
  have	
  an	
  internal	
  selecQon	
  at	
  the	
  end	
  of	
  the	
  
summer	
  and	
  will	
  begin	
  to	
  negoQate	
  a	
  contract	
  with	
  the	
  
selected	
  vendor	
  

•  We'll	
  announce	
  the	
  selecQon	
  to	
  the	
  user	
  community	
  
a[er	
  contract	
  award,	
  approximately	
  January	
  2014	
  

•  EsQmated	
  system	
  delivery	
  in	
  late	
  2015	
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New on the Web


-­‐	
  6	
  -­‐	
  



My NERSC https://www.nersc.gov/users/my-nersc/
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My NERSC https://www.nersc.gov/users/my-nersc/
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My NERSC https://www.nersc.gov/users/my-nersc/
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My NERSC https://www.nersc.gov/users/my-nersc/
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Live Status https://www.nersc.gov/users/live-status/
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Login	
  Node	
  Status	
  (Hopper	
  shown	
  here)	
  



Live Status https://www.nersc.gov/users/live-status/
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Login	
  Node	
  Status	
  (Hopper	
  shown	
  here)	
  



Live Status https://www.nersc.gov/users/live-status/
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Time	
  needed	
  to	
  execute	
  typical	
  interac*ve	
  task	
  on	
  Hopper	
  (small	
  compile	
  shown)	
  

Pan	
  and	
  zoom	
  	
  



NGF Usage in NIM https://nim.nersc.gov/
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Open Issues


•  System	
  area	
  for	
  shared	
  so[ware	
  –	
  no	
  update	
  
•  Debug	
  /	
  InteracQve	
  node	
  reservaQons	
  	
  
–  TBA	
  soon	
  ager	
  implementa*on	
  details	
  worked	
  out	
  
–  NUGEX	
  queue	
  commiRee	
  has	
  had	
  valuable	
  input	
  

•  NUG	
  2014	
  Planning	
  
–  CommiRee	
  forming	
  
–  Looking	
  for	
  a	
  year-­‐long	
  theme	
  in	
  celebra*on	
  of	
  NERSC’s	
  
40th	
  Anniversary	
  

•  Others?	
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Other Issues or Questions?
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Zhengji Zhao, Nicholas Wright, 
and Katie Antypas!
NERSC


Effects of Hyper-
Threading on the 
NERSC workload 
on Edison
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NUG	
  monthly	
  meeQng,	
  June	
  6,	
  2013	
  



What is Hyper-Threading (HT)?

•  HT	
  is	
  Intel's	
  term	
  for	
  its	
  simultaneous	
  mulQthreading	
  

implementaQon.	
  HT	
  makes	
  each	
  physical	
  processor	
  core	
  
appears	
  as	
  two	
  logical	
  cores,	
  which	
  share	
  the	
  physical	
  
execuQon	
  resources.	
  

•  HT	
  increases	
  the	
  processor	
  resource	
  uQlizaQon	
  by	
  allowing	
  
OS	
  to	
  schedule	
  two	
  tasks/threads	
  simultaneously,	
  so	
  that	
  
when	
  an	
  interrupQon,	
  such	
  as	
  	
  cache	
  miss,	
  branch	
  
mispredicQon,	
  or	
  data	
  dependency,	
  occurs	
  with	
  one	
  task/
thread	
  execuQon,	
  the	
  processor	
  executes	
  another	
  scheduled	
  
task/thread.	
  	
  

•  According	
  to	
  Intel	
  the	
  first	
  implementaQon	
  only	
  used	
  5%	
  
more	
  die	
  area	
  than	
  the	
  comparable	
  non-­‐hyperthreaded	
  
processor,	
  but	
  the	
  performance	
  was	
  15–30%	
  beeer.	
  



Using	
  a	
  fixed	
  number	
  of	
  MPI	
  tasks	
  
and	
  half	
  the	
  number	
  of	
  nodes,	
  if	
  
Qme	
  with	
  HT	
  <	
  2X	
  the	
  Qme	
  with	
  no	
  
HT,	
  then	
  throughput	
  is	
  increased.	
  
You	
  get	
  charged	
  less.	
  

Using	
  a	
  fixed	
  number	
  of	
  nodes,	
  HT	
  may	
  
reduce	
  the	
  run	
  -me	
  using	
  2X	
  the	
  number	
  
of	
  MPI	
  tasks	
  –	
  a	
  clear	
  win	
  for	
  HT.	
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Using	
  a	
  fixed	
  number	
  of	
  nodes	
  is	
  
the	
  most	
  relevant	
  way	
  to	
  make	
  

comparisons.	
  	
  

But	
  it	
  may	
  increase	
  the	
  run	
  -me	
  for	
  other	
  
codes.	
  

What performance benefit from HT can we expect 
and how should the benefit be measured?
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Our methods and tests


•  We	
  measured	
  the	
  run	
  Qme	
  of	
  a	
  number	
  of	
  top	
  
NERSC	
  codes	
  using	
  a	
  fixed	
  number	
  of	
  nodes.	
  

•  We	
  used	
  the	
  NERSC	
  profiling	
  tool	
  IPM	
  (with	
  PAPI)	
  to	
  
measure	
  hardware	
  performance	
  events.	
  We	
  
measured	
  	
  
–  Communica*on	
  overheads,	
  memory	
  usage	
  
–  Total	
  instruc*ons	
  completed,	
  and	
  the	
  cycles	
  used	
  per	
  
instruc*on	
  re*red	
  (CPI).	
  

–  L3	
  cache	
  misses,	
  branch	
  mis-­‐predic*ons,	
  TLB	
  data	
  misses	
  
–  Sandy	
  Bridge	
  counter	
  configura*on	
  does	
  not	
  allow	
  an	
  easy	
  
measure	
  of	
  floa*ng	
  point	
  opera*ons	
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Runtime comparisons with and without HT


•  The	
  HT	
  does	
  not	
  help	
  VASP	
  performance	
  at	
  all	
  node	
  counts.	
  The	
  slowdown	
  is	
  10-­‐50%.	
  	
  
•  HT	
  benefits	
  NAMD,	
  NWCHem	
  and	
  GTC	
  codes	
  at	
  smaller	
  node	
  counts	
  by	
  upto	
  6-­‐13%.	
  
•  The	
  HT	
  benefit	
  regions	
  do	
  not	
  overlap	
  with	
  the	
  parallel	
  sweet	
  spots	
  of	
  the	
  codes.	
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Quantum Espresso runtime with and without HT


For	
  the	
  most	
  of	
  the	
  MPI	
  task	
  and	
  thread	
  combinaQons,	
  HT	
  doesn’t	
  
help	
  the	
  performance.	
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Single Stream
Double Stream

Instruc*ons	
  completed	
  per	
  
physical	
  core	
  without	
  HT:	
  
P	
  +	
  S	
  
	
  
Instruc*ons	
  completed	
  per	
  
physical	
  core	
  with	
  HT:	
  
(P/2	
  +	
  S)	
  +	
  (P/2	
  +	
  S)	
  =	
  P	
  +2S	
  
	
  
	
  where	
  P	
  and	
  S	
  denote	
  the	
  parallel	
  
and	
  the	
  sequen*al	
  por*ons	
  of	
  the	
  
workload,	
  respec*vely.	
  	
  

VASP: !
Runtime, communication overhead, instructions completed, Cycles used per 
instruction, L3 cache misses, and branch mis-predictions per physical core 


Values	
  for	
  physical	
  cores	
  are	
  the	
  
sum	
  of	
  that	
  on	
  the	
  two	
  logical	
  
cores.	
  	
  

Higher	
  CPI	
  value	
  may	
  indicate	
  an	
  
HT	
  opportunity.	
  

HT	
  does	
  not	
  address	
  the	
  stalls	
  due	
  
to	
  data	
  dependencies	
  across	
  
mul*ple	
  physical	
  cores,	
  eg.,	
  during	
  
MPI	
  collec*ve	
  calls.	
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Single Stream
Double Stream

NAMD: !
Runtime, communication overhead, instructions completed, Cycles used per 
instruction, L3 cache misses, and branch mis-predictions per physical core 


Reduced	
  cycles	
  per	
  instruc*ons	
  
with	
  HT	
  indicates	
  higher	
  resource	
  
u*liza*ons	
  from	
  using	
  HT.	
  

HT	
  increases	
  the	
  L3	
  cache	
  misses	
  
and	
  the	
  branch	
  mis-­‐predic*on	
  for	
  
NAMD.	
  

HT	
  benefits	
  occur	
  at	
  low	
  node	
  
counts	
  where	
  the	
  communica*on	
  
overhead	
  is	
  lower	
  than	
  that	
  at	
  
larger	
  node	
  counts.	
  



NWChem: !
Runtime, communication overhead, instructions completed, Cycles used per 
instruction, L3 cache misses, and branch mis-predictions per physical core 


-­‐	
  25	
  -­‐	
  

 1 2 4 8 16  
0

100

200

300

400

500

600

700

800

The number of nodes

   
   

   
 T

im
e 

(s
)  

   
   

 

 

 

Single Stream
Double Stream

 1 2 4 8 16  
0

5

10

15

20

25

30

35

The number of nodes

C
om

m
un

ic
at

io
n 

tim
e 

(%
)  

   

 

 

Single Stream
Double Stream

 1 2 4 8 16  
0

1

2

3

4

5

x 1012

The number of nodes

In
st

ru
ct

io
ns

 c
om

pl
et

ed
   

  

 

 

Single Stream
Double Stream

 1 2 4 8 16  
0

0.5

1

1.5

2

2.5

3

3.5

x 109

The number of nodes

  B
ra

nc
h 

m
is
−p

re
di

ct
io

ns
   

 

 

Single Stream
Double Stream

 1 2 4 8 16  
0

0.5

1

1.5

2

x 109

The number of nodes

   
   

L3
 c

ac
he

 m
is

se
s 

   
  

 

 

Single Stream
Double Stream

 1 2 4 8 16  
0

0.1

0.2

0.3

0.4

0.5

0.6

The number of nodes

C
yc

le
s 

us
ed

 p
er

 in
st

ru
ct

io
n

 

 

Single Stream
Double Stream

HT	
  increases	
  the	
  L3	
  cache	
  misses	
  
but	
  the	
  branch	
  mis-­‐predic*on	
  is	
  
similar	
  with	
  and	
  without	
  HT	
  with	
  
HT.	
  



GTC
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Single Stream
Double Stream

GTC: !
Runtime, communication overhead, instructions completed, Cycles used per 
instruction, L3 cache misses, and branch mis-predictions per physical core 


The	
  similar	
  number	
  of	
  instruc*ons	
  
completed	
  with	
  and	
  without	
  HT	
  
may	
  indicate	
  that	
  the	
  code	
  is	
  a	
  
highly	
  efficient	
  parallel	
  code	
  with	
  a	
  
small	
  sequen*al	
  por*on	
  in	
  the	
  
code.	
  

HT	
  performance	
  gain	
  decreases	
  
when	
  communica*on	
  overhead	
  
increases.	
  



What application codes could get 
performance benefit from HT? 


•  The	
  cycles/instrucQon	
  (CPI)	
  value	
  needs	
  be	
  sufficiently	
  large	
  
so	
  that	
  HT	
  has	
  enough	
  work	
  to	
  do	
  to	
  help,	
  although	
  HT	
  may	
  
not	
  address	
  all	
  the	
  interrupQons.	
  	
  

•  The	
  communicaQon	
  overhead	
  should	
  to	
  be	
  sufficiently	
  small.	
  
In	
  parQcular,	
  the	
  extra	
  communicaQon	
  overhead	
  from	
  using	
  
twice	
  as	
  many	
  MPI	
  tasks	
  to	
  use	
  HT	
  should	
  be	
  small	
  so	
  that	
  
the	
  amount	
  of	
  the	
  interrupQons	
  that	
  HT	
  cannot	
  address	
  do	
  
not	
  dominate	
  the	
  HT	
  effect.	
  This	
  indicates	
  that	
  HT	
  benefits	
  
are	
  likely	
  to	
  happen	
  at	
  relaQvely	
  smaller	
  node	
  counts	
  in	
  the	
  
parallel	
  scaling	
  region	
  of	
  applicaQons	
  except	
  for	
  
embarrassingly	
  parallel	
  codes.	
  

•  We	
  observed	
  that	
  codes	
  get	
  HT	
  benefit	
  when	
  the	
  number	
  of	
  
instrucQons	
  completed	
  per	
  physical	
  core	
  with	
  and	
  without	
  
HT	
  are	
  similar,	
  indicaQng	
  that	
  highly	
  efficient	
  parallel	
  codes	
  
(small	
  sequenQal	
  porQon	
  in	
  the	
  code)	
  likely	
  to	
  get	
  HT	
  benefit.	
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How to collect CPI and other performance 
data with IPM?


#!/bin/bash	
  -­‐l	
  
#PBS	
  -­‐l	
  mppwidth=64	
  
#PBS	
  -­‐l	
  mppnppn=32	
  
#PBS	
  -­‐l	
  wallQme=00:30:00	
  
#PBS	
  -­‐j	
  oe	
  
#PBS	
  -­‐N	
  test	
  	
  
	
  
cd	
  $PBS_O_WORKDIR	
  
export	
  IPM_LOGDIR=.	
  
export	
  IPM_LOG=full	
  
export	
  IPM_HPM="PAPI_TOT_CYC,PAPI_TOT_INS"	
  
export	
  IPM_REPORT=full	
  
	
  
aprun	
  	
  -­‐j	
  1	
  -­‐n	
  1024	
  ./a.out	
  >&	
  output.noHT	
  
aprun	
  	
  -­‐j	
  2	
  -­‐n	
  2048	
  ./a.out	
  >&	
  output.HT	
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#	
  To	
  instrument	
  the	
  code	
  with	
  IPM,	
  	
  
#	
  do	
  
	
  	
  	
  	
  	
  module	
  load	
  ipm	
  
	
  	
  	
  	
  	
  [n	
  mycode.f90	
  $IPM	
  

	
  
#	
  To	
  get	
  profiling	
  data,	
  do	
  
	
  	
  	
  	
  mdoule	
  load	
  ipm	
  
	
  	
  	
  	
  ipm_parse	
  -­‐full	
  <the	
  .xml	
  file	
  
	
  	
  	
  	
  generated	
  by	
  the	
  instrumented	
  
	
  	
  	
  	
  code>	
  



Conclusion

•  The	
  HT	
  performance	
  benefit	
  is	
  not	
  only	
  applicaQon	
  dependent,	
  but	
  

also	
  concurrency	
  dependent,	
  occurring	
  at	
  the	
  smaller	
  node	
  counts.	
  
HT	
  benefits	
  NAMD,	
  NACHEM,	
  GTC	
  codes	
  by	
  6-­‐13%	
  at	
  smaller	
  node	
  
counts	
  while	
  it	
  slows	
  down	
  VASP	
  by	
  10-­‐50%.	
  	
  

•  Whether	
  an	
  applicaQon	
  can	
  get	
  performance	
  benefit	
  from	
  using	
  HT	
  
is	
  determined	
  by	
  the	
  compeQng	
  result	
  between	
  the	
  higher	
  
resource	
  uQlizaQon	
  that	
  HT	
  enables	
  and	
  the	
  overheads	
  that	
  HT	
  
introduces	
  to	
  the	
  program	
  execuQon	
  due	
  to	
  resource	
  sharing,	
  
communicaQon	
  overhead	
  and	
  other	
  negaQve	
  contribuQons.	
  

•  Highly	
  efficient	
  parallel	
  codes	
  (less	
  serial	
  porQon	
  in	
  the	
  codes)	
  with	
  
high	
  CPI	
  values	
  are	
  more	
  likely	
  to	
  get	
  HT	
  performance	
  benefit	
  at	
  
lower	
  core	
  counts	
  in	
  the	
  parallel	
  scaling	
  region	
  where	
  the	
  
communicaQon	
  overhead	
  is	
  relaQvely	
  low.	
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Conclusion - continued

•  HT	
  may	
  help	
  users	
  who	
  are	
  limited	
  by	
  the	
  allocaQon	
  and	
  have	
  to	
  run	
  

at	
  lower	
  node	
  counts.	
  	
  In	
  addiQon,	
  given	
  the	
  fact	
  that	
  no	
  code	
  
opQmizaQon	
  (no	
  effort)	
  is	
  required	
  to	
  get	
  HT	
  performance	
  benefits,	
  
the	
  6-­‐13%	
  performance	
  gain	
  is	
  significant.	
  Users	
  are	
  recommended	
  
to	
  explore	
  the	
  ways	
  to	
  make	
  use	
  of	
  it,	
  however,	
  with	
  cauQon	
  to	
  
avoid	
  large	
  performance	
  penalty	
  from	
  using	
  HT	
  if	
  running	
  beyond	
  
the	
  HT	
  benefit	
  region.	
  	
  

•  The	
  large	
  gap	
  between	
  the	
  HT	
  speedup	
  region	
  and	
  the	
  parallel	
  
sweet	
  spot	
  of	
  the	
  five	
  major	
  codes	
  we	
  examed	
  suggests	
  that	
  HT	
  may	
  
have	
  limited	
  effect	
  on	
  NERSC	
  workload	
  at	
  this	
  Qme.	
  	
  

•  HT	
  as	
  a	
  complementary	
  approach	
  (thread	
  level	
  parallel)	
  to	
  the	
  
exisQng	
  modern	
  technique	
  (instrucQon	
  level	
  parallel)	
  to	
  improve	
  
processor	
  speed,	
  has	
  a	
  big	
  potenQal	
  in	
  processor	
  design.	
  We	
  expect	
  
to	
  see	
  more	
  HT	
  roles	
  in	
  the	
  HPC	
  workload	
  in	
  the	
  future	
  with	
  
conQnuously	
  improving	
  HT	
  implementaQons.	
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Thank	
  you!	
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Next NUG Teleconference


•  Next	
  scheduled:	
  Thu.	
  July	
  11,	
  2013	
  
•  Send	
  suggested	
  topics	
  and	
  comments	
  to	
  
ragerber@lbl.gov	
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